Abstract Ultrasound is a rapidly evolving technique that is gaining an increasing success in the assessment of psoriatic arthritis. Most of the studies have been aimed at investigating its ability in the assessment of joints, tendons, and entheses in psoriatic arthritis patients. Less attention has been paid to demonstrate the potential of ultrasound in the evaluation of skin and nail. The aim of this pictorial essay was to show the main high-frequency grayscale and power Doppler ultrasound findings in patients with psoriatic arthritis at joint, tendon, enthesis, skin, and nail level.
Introduction
Psoriatic arthritis (PsA) is a chronic and heterogeneous inflammatory joint disease that occurs in 6-42% of patients with psoriasis [1] . A variable spectrum of pathologic condition can be found in PsA patients including joint and tendon inflammation, enthesitis, new bone formation, severe osteolysis, and overlap of all of these [2] . A common denominator is the skin psoriasis [3] . Recently, the definition "psoriatic disease" has been proposed to encompass the involvement at different tissue and organ levels [4] .
The continuous technological advances in the field of ultrasound (US) allowed the development of equipments provided with high and variable frequency probes and very sensitive power Doppler (PD), which permit both the detailed study (with resolution power of 0.1 mm) of morphostructural changes and the sensitive detection of blood flow even in small vessels of superficial tissues [5] [6] [7] [8] .
Most of the studies have been aimed at investigating the ability of US in the assessment of joints, tendons, and entheses [9] [10] [11] [12] [13] [14] [15] in patients with PsA. Less attention has been paid to demonstrate the potential of US in the evaluation of skin and nail.
The aim of this pictorial essay was to show the main high-frequency grayscale US and PD findings in patients with PsA at joint, tendon, enthesis, skin, and nail level.
Methods
The US images illustrated in the present pictorial essay were obtained in a cohort of 30 patients with diagnosis of PsA, made by an experienced rheumatologist (RDA) according to the international criteria [16] . Clinical examination aimed to detect tenderness and/or swelling at joints, tendons, and entheses level was performed by the same rheumatologist. Twenty of the 30 patients presented a skin involvement and eight patients an onychopathy, diagnosed clinically by an experienced dermatologist (GF), who moreover scored both Psoriasis Area and Severity Index (range between 8 and 20, median 12.4) and Nail Psoriasis Severity index (range between 2 and 8, median 3.5). The US examinations were performed by two experienced sonographers (MG and EF), using the following US systems: MyLab 70 XVG (Esaote Biomedica Genoa, Italy) equipped with 6-18 MHz broadband multifrequency linear transducer (axial resolution=30 μm and lateral resolution=60 μm) and Doppler frequency ranging from 7.1 to 14.3 MHz; Technos "Partner" System (Esaote Biomedica Genoa, Italy) equipped with 8-14 MHz multifrequency linear band transducer (axial resolution=50 μm, lateral resolution=80 μm) and Doppler frequency ranging from 8.3 to 12.5 MHz and Logiq 9 (General Electric Medical Systems, Milwaukee, WI, USA) equipped with 8-15 MHz multifrequency linear transducer (axial resolution=10 μm, lateral resolution=25 μm). The most representative images showing the main pathological findings were selected from the database of the three US machines used in this study.
The US examinations of musculoskeletal system were performed with multiplanar technique, at the clinically involved sites adopting the indications provided by the European League Against Rheumatism guidelines for musculoskeletal ultrasound in rheumatology [17] .
During US examination of skin, representative US images were acquired at both the center and the margins of the psoriatic lesion and at the surrounding normal skin. Skin thickness varies among healthy subjects and depends on several aspects including the different areas of the body. Thus, the thickness of the normal skin surrounding the psoriatic lesion was used as reference for detecting the thickening of the epidermis and/or the dermis. The totality of US evaluations was insonated on both longitudinal and transverse scans and perpendicularly using an amount of gel, which avoids compression of the tissues under examination. All examinations were performed in both grayscale and PD technique in order to detect the morphostructural changes and the presence of abnormal blood flow, respectively. The PD settings for all examinations were standardized with a pulse repetition frequency of 750 Hz and a Doppler frequency between 7.5 and 14.3 MHz. In order to confirm that the PD signal represented real blood flow and not an artifact, the spectral Doppler was used. The study was conducted according to the Declaration of Helsinki, and informed consent was obtained from all patients.
Results

Joint
The joint involvement is variable during PsA. The US findings in this condition are nonspecific as they may occur also in patients with other inflammatory conditions such as rheumatoid arthritis. The main joint grayscale US pathological findings with the corresponding definitions are reported in Table 1 . US can be used to assess joint cavity widening (differentiation between joint effusion and synovial proliferation; Fig. 1a, b) , erosions, and the hyperemia which may give indirect information about the activity of the disease. The dynamic examination of soft tissues made, by compression with the probe, results helpful for the differentiation between synovial effusion (easily moved by compression) and synovial proliferation (unchanged by compression). In the initial stages of the disease, it is possible to identify minimal US signs such as modest exudative synovitis associated with periarticular oedema. In this phase, the PD signal can be more or less present (in some cases, it can be distributed exclusively within the "fat pad in absence of other abnormalities"; Fig. 1c, d ). In the late stages, US can find the typical alterations such as the presence of diffused synovial proliferation (with various degrees of vascularization) and bone erosions, which can be focal or multifocal (Fig. 1e, f) .
In the great majority of joint examined, a high degree of intra-articular PD signal may be found at the level of synovial proliferation (Fig. 1g, h ). This finding is more evident at small joints level where very high-frequency PD can be used. At large joint level, a relatively lower intraarticular PD signal can be found because a lower frequency must be used to investigate deeper structure with consequent reduction of the PD sensitivity (Fig. 2a, b ).
Tendon
The spectrum of pathological conditions affecting tendon surrounded by synovial sheath is wide and includes: exudative or proliferative tenosynovitis, loss of "fibrillar" echotexture, and partial or complete tear ( Fig. 3a-f) . The "Dactylitis" is a common feature of PsA [18] . During the US examination of these patients, it is possible to detect a variable combination of the following pathological conditions: tenosynovitis of the finger or toe flexor tendons, An intra-articular discontinuity of the bone surface that is visible in two perpendicular planes [47] Fig. 1 Psoriatic arthritis, metacarpophalangeal joint on dorsal longitudinal scan. a Exudative synovitis (asterisk). b Proliferative synovitis (white circle). Note why the marked joint cavity widening pushes up the extensor tendon of the finger (et). c Mild joint cavity widening of the metacarpophalangeal joint with mix content. The synovial fluid echotexture appears prevalently hypoanechoic (asterisk) whereas the synovial hypertrophy with echoic branches (white circle). Power Doppler assessment detected intense intra-articular signal distributed at the areas of synovial proliferation near to the bone profile. d Presence of diffuse power Doppler signal distributed only in the intra-articular "fat pad" of the metacarpophalangeal joint in absence of joint cavity widening. e Sternoclavicular joint on longitudinal scan. Joint cavity widening with intra-articular calcification (white arrow) and power Doppler signal. Note the irregularity of the bone profile of the two articular heads (white arrowheads). f Distal interphalangeal joint on dorsal longitudinal scan. Moderate enlargement of the joint capsule with evident sings of synovial proliferation and presence of intra-articular power Doppler generating bone erosion at the distal and middle phalanx level (white arrowheads). g Wrist on dorsal longitudinal scan. Marked joint cavity widening of both radiocarpal and intercarpal joints with intense power Doppler signal distributed exclusively in the inter-carpal joint. h Metacarpophalangeal joint on dorsal longitudinal scan. Active synovitis. Note both the marked synovial proliferation and the intense hyperaemia, detected by power Doppler, and the bone erosion in the neck of the metacarpal bone (white arrowheads). m metacarpal bone, p proximal phalanx, d distal phalanx, mp middle phalanx, c capitate bone, l lunate bone, r radius bone, et extensor digitorium tendon, cet common extensor digitorium tendons synovitis (mainly distal and proximal interphalangeal joints), and diffuse soft tissue oedema [19] [20] [21] (Fig. 3g ).
In the tendons without synovial sheath, inflammatory changes detectable by US include tendon thickening (that can adopt a fusiform appearance) and echotexture hypoechogenicity due to tendon oedema, with or without intratendineous PD signal (Fig. 4a) . Moreover, a peritenon inflammation typically may appear as a hypoechoic swelling of the soft tissue surrounding the tendon with a usually intense PD signal (Fig. 4b) .
Enthesis
Last generation US equipment provides a detailed assessment of the entheseal morphostructural features. Thanks to the superficial location of the most frequently involved entheses, probes with high-frequency PD can be used, allowing for a sensitive assessment of the entheseal perfusion status.
In the early stages of the disease, the enthesis and the adjacent structures may show several morphostructural changes as entheseal thickening, hypoechogenicity, and fibrillar separation due to intratendineous oedema, with or without associated bursitis and different patterns of PD signal distribution. In this stage, the bone profile usually does not show relevant changes (Fig. 5a, b) .
In the late stages, bony cortex changes may be related to the presence of enthesophytes and/or bone erosions (Fig. 6a-d) . Enthesophytes large in size may generate acoustic shadowing, which may impair partially or completely the visualization of adjacent bone erosions (Fig. 6e) .
Psoriatic plaque US features of psoriatic plaque include a wide spectrum of morphostructural changes of both epidermis and dermis and a blood flow increase within the dermis detected by PD technique. The thickening of both epidermis and dermis respect to the surrounding normal skin, and the hypoechoic band under the psoriatic area represent the most common grayscale US findings (Fig. 7a-d) . Sometimes, a marked increase of the thickness of the epidermis may generate an evident acoustic shadow limiting the assessment of the underlying dermis (Fig. 8a-c) . Different degrees of blood flow within the dermis can be detected by PD.
Onychopathy
The pathological US findings in psoriatic onychopathy include both nail plate and nail bed. In the early stages, a minimal loss of the hyperechoic definition involving only the ventral plate may be observed, whereas the thickening and the fusion of both plates (with loss of the intermediate anechoic layer) are more frequent in the later stages. The nail bed (distance between the ventral plate and the bone margin of the distal phalanx) is usually thickened (> 2.5 mm). Contrarily to other anatomical sites, a minimal quantity of blood flow can be detected occasionally in normal conditions within the nail bed (due to presence of thin arterial and venous vessels; Fig. 9a ). It increases excessively (easily detectable by PD) when is presence an onychopathy (Fig. 9b-e) . shows a tendon sheath widening with signs of synovial proliferation, presence of intense power Doppler signal surrounding the tendon, and microinterruption of the margin (arrow). e Wrist. Extensor carpi ulnaris tendon (sixth compartment of the extensor tendons; ecu) on lateral longitudinal (e) and transverse (f) scan. Chronic tenosynovitis with clear areas of low of echogenicity and loss of the continuity of tendon fibrils indicative of partial tendon tear (arrows). Moreover, note the presence of power Doppler signal within the interruption indicating still activity of the inflammatory process. g Dactylitis. Volar longitudinal scan using the "extended view" technique, showing proliferative tenosynovitis of the finger flexor tendon (circle), exudative synovitis of both proximal and distal interphalangeal joint (white asterisks) and oedema of the peritendineous tissue (black asterisks). tp posterior tibial tendon, mm medial malleolus, dp distal phalanx, mp middle phalanx, cu cubital bone, ft flexor tendons
Discussion
The joint, tendon, enthesis, skin, and nail involvement has been described by the different subsets criteria as aspects to be considered in PsA [2, [22] [23] [24] [25] . Recently, the Group for Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) underlined the value of imaging findings in PsA, from both a dermatologic and rheumatic perspective [26] .
In this way, there is a consistent body of evidence supporting both the role of US and its higher sensitivity over clinical examination in the diagnosis of synovitis, enthesitis, and tenosynovitis in PsA [9-15, 20, 21, 27-32] . Relatively uncertain remains its potential in the assessment of skin and nail involvement in these patients.
To date, most of the studies assessing the role of US in psoriatic skin and nail have not used the latest generation of US equipment and have concentrate mainly on pathological findings using only the grayscale technique [7, [33] [34] [35] [36] [37] [38] [39] [40] . The images shown in this paper were acquired with "last generation" top quality US equipment provided with high and variable frequency probes and very sensitive PD.
Our results demonstrated that the increase of blood flow in psoriatic plaque and onychopathy, which is due to several dermovascularity changes such as elongation, dilatation, and twisting of the microvessels [41] , can be easily detected by high PD frequency.
Considering the common pathogenesis between the angiogenesis of psoriatic plaque and synovial membrane [26] , the US could be considered as a powerful method able to provide a widespread and more complete assessment of morphostructural changes and disease activity at different locations such as joint, tendons, entheses, skin, and nail in patients with PsA. Another interesting utility could be the monitoring of treatment at multiple targets, that despite the availability of "new generation" US machines, remains under investigated for this condition [42] [43] [44] . Recently, our group demonstrated the ability of US in monitoring of the psoriatic plaque in patients treated with tumor necrosis factor alpha antagonist therapy [6] . The echotexture of the enthesis is normal. The only pathological abnormality is represented by a mild power Doppler signal within the enthesis. Note the entheseal hypoechogenicity generated by the anisotropy (arrow). b Achilles tendon. Longitudinal scan. Presence of hypoechogenicity of the tendon structure (due to intrafibrillar oedema) and retrocalcanear bursitis (asterisk), with intense power Doppler signal situated of both. Note the integrity of the bone profile. pt patellar tendon, pa patella, at Achilles tendon, c calcaneous bone Additionally, from the joint US assessment point of view, we noted that the synovial pannus of PsA appears highly hyperemic respect to other chronic inflammatory conditions. It can easily be detected at the small joints level (distal and proximal interphalangeal joints, metacarpophalangeal and metatarsophalangeal joints) using probes with high PD frequency (>10 MHz). Its study results relatively difficult at the large joints level (such as shoulder, knee, and hip), and these, due to their anatomical depth (especially in obese patients), require low frequency probes which decrease the PD sensitivity.
In conclusion, the present report provides update pictorial evidence that high-resolution grayscale US and high-frequency PD allow a detailed assessment of the morphostructural changes and a sensitive detection of abnormal blood flow at multiple sites in patients with PsA. Studies aiming at investigating diagnostic value, validity issues including accuracy, and reproducibility are required to define the impact of these US findings in daily clinical practice.
Disclosures None Thickening of the insertion part of the plantar fascia with associated bone erosions (white arrowhead). e Large enthesophyte generating acoustic shadow which obstructs the complete visualization of the calcaneous bone (white arrowhead). Moreover, note the evident unhomogeneity of the structure of the tendon (arrow). The vertical white line indicates where measurements were taken. The normal value of the both patellar entheses and plantar fascia according the Glasgow Ultrasound Enthesitis Scoring System is 4.1 and 4.4 mm, respectively. pt patellar tendon, pa patella, t tibia, at Achilles tendon, c calcaneous bone, pf plantar fascia psoriatic lesion appears thickened and inhomogeneous (arrowheads), whereas in the normal skin, surrounding the plaque, is thin and relatively more homogeneously hyperechoic band (curved arrows). Beneath it is evident a focal hypoechoic thickening of the dermis (d) with evident power Doppler signal revealing increase of blood perfusion in the dermis. Note the hypoechoic band in the upper dermis in correspondence of the psoriatic plaque (asterisk). p lower pole of the patella, pt patellar tendon Fig. 8 Psoriatic arthritis. a Photo of psoriatic plaque at elbow level. b Sonographic image obtained using Logiq 9 US system with a 8-15 MHz linear transducer. Note the marked thickening of the epidermis (arrowheads). Abnormal epidermis is three times thicker than in the normal surrounding skin (curved arrow). Arrows indicate the gap of epidermal layer left by the detachment of a scar. Power Doppler technique allowed the detection of an increased blood perfusion at dermis of the psoriatic lesion. c Psoriatic plaque. Note the acoustic shadows (as) generated by the marked thickening of the epidermis (e). d dermis, sc subcutaneous fat, o olecranon Open Access This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited. Fig. 9 a Healthy subject. Note both the typical trilaminar aspect of the nail plate (arrow) and the presence of a physiological amount of power Doppler signal within the nail bed (asterisks). b Psoriatic arthritis. Onychopathy. Grayscale US in the longitudinal scan showing the loss of the normal trilaminar aspect of the nail plate, which appears as a single hyperechoic layer with inhomogeneous thickness (arrow). Nail bed is clearly thickened (asterisk). c Power Doppler US revealing marked signal indicative of an increase of blood flow at the nail bed level. d, e Nail plate (arrows) and nail bed (asterisks) involvement is detectable also on transverse scan. dp distal phalanx, nm nail matrix. US image obtained using a MyLab 70 XVG US system with a 6-18 MHz linear transducer (B-mode frequency of 18 MHz and Doppler frequency of 9.1 MHz)
